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ON THE  COMPOSITION  OF URINARY  ALBUMIN.* 
BY FLORENTIN  MEDIGRECEANU. 
(From  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research, 
New  York.) 
Since  the  studies  of Brown-Sequard,  Teissier,  L.  Brunton,  and 
Hoffman, 1 a  great deal of work has been done on urinary albumin, 
in order  to  differentiate  various  kinds  of  proteins,  to  demonstrate 
their  origin,  and  their  diagnostic  and  prognostic  significance. 
The attempts  at  identification  have been chiefly by means  of the 
physical or biological properties;  relatively  few chemical analytical 
data  are  found  in  the  literature.  One  method  of  identification, 
which seems undoubtedly superior to the earlier ones employed, con- 
sists in analyzing the urinary protein  for the  amino-acids  contained 
in  it.  This  method  is  not  a  new  one.  Magnus-Levy  ~ studied  the 
partition  of  nitrogen  in  Bence  Jones'  protein  in  the  urine  of  one 
case,  and Abderhalden  and Rostoski  ~ demonstrated  the presence of 
most of the known amino-acids  in  Bence Jones' protein from another 
case.  In a  later  paper,  Abderhalden 4 points  out the  importance  of 
studying the quantitative and qualitative distribution of amino-acids 
in urinary  albumin. 
Recently Van Slyke  ~ has worked out an analytical method which 
allows one to obtain a  fairly complete picture  of the proportions  in 
which the different types of amino-acids  enter  into  the composition 
of a  protein.  A  great advantage of the method is the possibility of 
using only two to three grams  of material  for each analysis.  This 
* Received for publication, June 2~, 1911. 
See yon Noorden, Handbuch der Patt~ologie des Stoffwechsels, Berlin, 19o6, 
i,  lOO8; Ellinger, Handbuch der  Biochemie, hsg. yon  C.  Oppenheimer, Berlin, 
191o, iii, 654. 
Magnus-Levy, Ztschr.  f.  physiol.  Chem.,  I9OO, xxx,  200. 
8  Abderhalden and Rostoski, Ztschr.  f. physiol.  Chem., 19o5, xlvi, 125. 
4  Abderhalden, Ztschr.  f.  exp. Path. u.  Therap.,  19o5, ii, 642. 
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method is  based on the  fact that amino-groups react with nitrous 
acid,  giving  off  nitrogen  as  gas,  which  can  be  measured  volu- 
metrically. 
By determining the  total  nitrogen and  the  amino-nitrogen in a 
solution of amino-acids, and by making the same estimation after 
precipitation with phosphotungstic acid in both the precipitate and 
the filtrate, and by using special methods for arginin and cystin, it is 
possible to obtain, under definite conditions that permit of quantita- 
tive comparisons, many important  data  for  differentiating various 
kinds of proteins.  A  few main details, illustrating the conclusions 
that  can  be  drawn  from  the  analytical  results  obtained  by  this 
method, may be mentioned. 
It has been shown that all amino-acids react with all their nitrogen 
under the influence of nitrous acid, except trytophan, which reacts 
with one  half,  histidin  with  one  third,  arginin  with  one  fourth, 
and prolin  and oxyprolin with none.  The  following table shows 
these relations in percentages ; at the same time the precipitable and 
non-precipitable amino-acids should be kept in mind. 
~" Lysin reacts with IOO per cent. of its total nitrogen. 
Precipitable by  .J Cystin reacts with lO7 per cent: of its total nitrogen. 
phosphotun,gstic acid |  Histidin reacts with 33.3 per cent. of its total nitrogen. 
[`Arginin reacts with 25 per cent. of its total nitrogen. 
r Prolin, reacts with o per cent. of its total nitrogen. 
Non-precipitable by .J Oxyprolin reacts with o per cent. of its total nitrogen. 
phosphotungstic acid |  Tryptophan reacts with 5o per cent. Of its total nitrogen. 
[.The others react with looper cent. of their total nitrogen. 
Considering the relation of amino-nitrogen to total nitrogen in a 
mixture of phosphotungstic precipitable and non-precipitable amino- 
acids, as they occur in proteins that undergo complete hydrolysis, a 
high percentage would indicate a  relatively low amount of amino- 
acids reacting with part or none of their nitrogen (histidin, arginin, 
prolin,  oxyprolin,  tryptophan).  The  contrary  holds  good  in  the 
case of a low percentage.  Further details may be obtained by com- 
paring the ratio of amino-nitrogen to total nitrogen in both the phos- 
photungstic precipitate and filtrate.  High figures in the precipitate 
point  to  a  predominance of lysin and  cystin;  high figures  in the 
filtrate indicate a predominance of amino-acids reacting with all of 
their nitrogen and vice versa. 300  Composition  of  Urinary  Albumin. 
With these details in mind, I have applied Van Slyke's method in 
the analysis of a  series of urinary albumins.  Some of these urines 
were  obtained  from  dogs  that  had  been  poisoned  with  uranium 
nitrate  or  uranium  nitrate  and  phosphorous  oil,  and  others  from 
cases  of  acute  and  chronic  nephritis  in  man.  The  latter  urines 
were obtained  through  the kindness  of Dr.  Wachsmann  from the 
Montefiore Home, New York, and of Dr. Wilson from the Willard 
Parker Hospital, New York.  The object of this, work was to obtain 
a general orientation in the problem and not to make an exhaustive 
study of a  single limited question. 
Phosphorous oil was injected together with uranium nitrate, since 
under the influence of phosphorus the degenerating liver loses chiefly 
its  protoplasmic  constituents,  in  which  the  hexon  bases,  histidin, 
arginin,  and lysin, are relatively more abundant than in the nuclei, 
as  Wakeman  6  has  shown.  Should  such  a  protein  with  a  large 
amount  of  hexon bases  be  liberated  from  the  protoplasm  of  this 
organ and carried into the blood stream, one would expect a priori 
that it might pass the permeable kidney and be found in the urine. 
The  protocols  here  given  contain  a  series  of  representative  analyses.  With 
regard  to  the technical  details,  in  every  case  the  protein  was  quantitatively pre- 
cipitated  in  the  filtered  urine  by  heat  and  acetic  acid  in  the  usual  way;  the 
precipitate  was~qentrifugalized  and  washed  thoroughly  with  water  and  alcohol, 
and then dried.  Usually 3 to 4  gin. of the dried  substance were completely hydro- 
lyzed by boiling for twenty hours with 250 c.c.  of  20 per cent.  hydrochloric acid. 
The solution was filtered, made up to 500 c.c., the total nitrogen determined by the 
Kjeldahl-Gunning method  in 2  portions  of  IO c.c.,  and  the remainder  evaporated 
on the water bath to  syrupy  consistency.  The  ammonia was  then liberated with 
lime and redistilled at 40  °  C. in  vacuo  into N/Io sulphuric acid.  The  precipitate 
of  lime,  containing most of  the  melanin,  was  removed  by  filtration  and  washed 
thoroughly.  The  remainder  of  calcium  hydroxid  in  the  filtrate was  precipitated 
with  carbonic acid,  and  the  clear  solution  was  concentrated  to  Ioo c.c.  in  vacuo. 
Two  portions  of  5  c.c.  of  this. solution  were  used  for  total  nitrogen  determina- 
tion,  anc~ two  other  5  e.c.  portions for  amino-nitrogen estimation in  Van  Slyke's 
apparatus.  From  the remaining solution., ,a  definite quantity containing a  known 
amount  of  nitrogen  was  then  precipitated  at  900  C.  with  phosphotungstic  and 
hydrochloric  acids,  the  following  figures  being  used  as  standards:  for  0.3  gin. 
nitrogen,  15 gin. phosphotungstic acid,  7  gin. hydrochloric acid,  and  a  dilution, of 
20o  c.c.  For  quantities  of  nitrogen  larger  or  smaller  than 0.3  gin.,  the  figures 
were  modified  according  to  the  amount  taken.  The  mixture  was  kept  at  room 
temperature  for at least sixty hours and the phosphotungstic precipitate was  then 
filtered and washed twelve times with Io c.c.  of a  solution containing 2. 5 per cent. 
e Wakeman,  Ztschr.  f.  physiol.  Chem.,  I9o5,  xliv,  335. Florentin  Medigreceanu.  301 
phosphotungstic acid and 3.5  per  cent. hydrochloric acid, as  *  described by Van 
Slyke.  *  The  precipi,tate was  decomposed with sodium hydroxid  solution, 
phenolphthalein being used as indicator.  Care  was taken that the alkali exceeded 
the acid only by a few drops.  This slightly alkaline solution was concentrated 
in  vacuo  at 40  °  C. to a volume of  50 c.c., and its total nitrogett an4 amino- 
nitrogen were determined.  The  phosphotungstic filtrate'  was  neutralized with 
sodium hydroxid, concentrated,  to 2o0 c.c., and the total nitrogen and the amino- 
nitrogen in it were likewise estimated. 
On  analyzing  the  figures  obtained,  the  question  arises  as  to 
whether the  albumin isolated in  the  manner  described  above  was 
pure.  A series of controls was made in order to obtain an idea of the 
extent  of  error  caused  by  impurities  mix6~  with  the  urinary 
albumin.  Various  samples  were  divided  into  two  portions;  one 
sample was merely centrifugalized, while the other was thoroughly 
washed  with  water  and  alcohol.  The  differences  resulting con- 
cerned themselves chiefly with the quantity of ammonia, which was 
derived, undoubtedly, chiefly from urea.  Other variations were so 
small that they fell within the limits of error.  Such an example is 
shown in table III.  On account of this possibility, all the ammonia 
estimations  were  discarded  and  the  percentages  made  from  the 
determinations of  nitrogen  obtained  after  distilling  the  ammonia 
and filtering off the precipitate of lime and melanin. 
SUMMARY AND CONCLUSIONS. 
A  few findings which seem to be of importance may be pointed 
out :- 
Table  I  shows  the  analytical figures  of serum-albumin,  serum- 
globulin,  and  fibrin  of the  normal  dog.  The  main  difference be- 
tween albumin and  globulin appears  in the  relation of the precip- 
itable  to  the  non-precipitable  total  nitrogen  and  amino-nitrogen. 
Pre'cipitable total nitrogen as well as amino-nitrogen is considerably 
larger in the albumin than in the globulin. 
In the cases of uranium nitrate nephritis (table II), the important 
figures  approximate very  closely those  of  normal  serum-albumin. 
The samples from dog 3, that had been poisoned at the same time 
with  phosphorous  oil  and  uranium  nitrate,  show  relatively  large 
variations as  compared  with the  figures  from specimens  from the 
Van Slyke, Ber. d.  deutsch,  chem.  Gesellsch.,  191o, xliii, 3177. < 
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other dogs, chiefly as regards the amino-nitrogen distribution: i.  e., 
in dog 3,  (I)  the amount of amino-nitrogen to the total  nitrogen 
in the solution before precipitation is higher;  (2)  the percentage of 
precipitable amino-nitrogen is larger; and  (3)  the ratio  of precipi- 
table  amino-nitrogen to precipitable  total  nitrogen exceeds that  of 
the other cases. 
All these changes, together with the fact that the total precipitable 
nitrogen did not undergo any quantitative variation, suggest that in 
the case of dog 3  the analyzed material contained a  higher amount 
of lysin or eystin. 
It may further be mentioned that the analytical figures in this case 
differ also from those of the normal serum-albumin and still  more 
from those of the serum-globulin.  These changes,  however, were 
not found in the case of dog 4, although this animal was treated in 
the same manner as the preceding dog. 
In the cases of nephritis in man  (table III),  striking differences 
were met with in the case of acute scarlet fever nephritis  (No.  Ia) 
and  in  the case  (No.  2)  of  a  patient  with  chronic  nephritis  and 
Pott's disease.  This patient died a  few weeks after the specimen for 
analysis was collected.  The autopsy showed a general amyloidosis. 
The variations in both cases consist in a  lowering of the ratio of 
amino-nitrogen to total nitrogen in the solution before precipitation, 
and corresponding to this,  a  fall of the same ratio  in the filterable 
nitrogen.  Such a  change points  to  a  relatively larger  amount of 
prolin and oxyprolin or tryptophan in these cases. 
As a whole, one may conclude that Van Slyke's method, carefully 
applied and sufficiently controlled, may also be used for the study of 
urinary albumin.  The results already obtained indicate that definite 
differences in  the  composition  of  urinary  "albumin"  may be  de- 
tected.  As  yet  it  is  premature to  establish  a  definite relationship 
between the chemical composition of the "albumin" and the clinical 
or pathological conditions under which it appears, but it seems hope- 
ful that further work may lead to the finding of such a  relationship. 